Abstract The aim of this study was to search for bioactive natural products from medicinal plants targeting vasorelaxant activity and we found the methanol extract from bark of Tabernaemontana dichotoma showed vasorelaxant activity on rat aorta. We isolated eight indole alkaloids including 10-methoxyalstonerine (1), a new macroline type indole alkaloid, from bark of T. dichotoma. These were respectively identified as 10-methoxyaffinisine (2), lochnerine (3), cathafoline (4), (-)-alstonerine (5), 19,20-dehydro-10-methoxytalcarpine (6), alstonisine (7), and alstonal (8) based on spectroscopic analysis. Among them, sarpagine type (2 and 3), akuammiline type (4), and macroline oxindole type (7 and 8) showed potent vasorelaxant activity. Mechanism of action on vasorelaxant activity of 10-methoxyaffinisine (2), cathafoline (4), and alstonisine (7) was clarified. Effects of 10-methoxyaffinisine (2), cathafoline (4), and alstonisine (7) were partially mediated the NO release from endothelial cells. Furthermore, 10-methoxyaffinisine (2) and alstonisine (7) attribute to the inhibitory effect of VDC and ROC, and cathafoline (4) have inhibitory effect on Ca 2? influx via ROC. In addition, 10-methoxyaffinisine (2) as a major compound from bark of T. dichotoma showed hypotensive effect on normotensive rats in vivo.
Introduction
The three major cause of death are cancer, cardiovascular disorder, and cerebral vascular disorder in developed countries including Japan. Since hypertension often leads to cardiovascular disorder and cerebral vascular disorder, the discovery of new compounds with vasodilating or hypotensive effects could contribute to therapy for these disorders.
The vasodilators are useful for treatment of cerebral vasospasm and hypertension, and for improvement of peripheral circulation. Several endothelium-dependent vasodilators, such as bradykinin, acetylcholine, and histamine, have been reported to elevate Ca 2? levels in endothelial cells and activate NO release, leading to vasorelaxation [1, 2] . On the other hand, contractile response in smooth muscle is caused by Ca 2? influx through voltage-dependent Ca 2? channel (VDC) and/or receptor-operated Ca 2? channel (ROC) [3] . The endothelium-independent vasodilators, such as nicardipine, nifedipine, diltiazem, and verapamil, have been reported to inhibit VDC and led to decrease the intracellular Ca 2? concentration in smooth muscle, leading to vasorelaxation [3] .
Our continuous search for bioactive natural products from medicinal plants targeting vasorelaxant activity [4] [5] [6] [7] [8] [9] [10] [11] leads to isolation of vasorelaxative indole alkaloids from the bark of T. dichotoma. In this paper we describe the isolation of bioactive indole alkaloids and evaluation for vasorelaxant effect on rat aortic arteries.
Materials and methods

Plant materials
The barks of Tabernaemontana dichotoma were collected in Raub, Pahang, Malaysia in August 2008. The botanical identification was made by Dr. Syamsul Khamis the Institute of Bioscience, Universiti Putra Malaysia. A voucher specimen (herbarium no. SK1573/08) is deposited at the Herbarium of Laboratory of Biodiversity, Institute of Bioscience, Universiti Putra Malaysia.
Extraction and isolation
The barks of T. dichotoma (1 kg) were extracted with MeOH, and the extract (20 g) was treated with 3% tartaric acid (pH 2) and then partitioned with EtOAc. The aqueous layer was treated with saturated aq. Na 2 CO 3 to pH 9 and extracted with CHCl 3 to give an alkaloidal fraction (6.75 g). The alkaloidal fraction was subjected to an LH-20 column (CHCl 3 -MeOH, 1:1) to give 10 fractions. Fraction 4 was subjected to a silica gel column (CHCl 3 -MeOH, 50:1 ? 0:1) to give 10-methoxyaffinisine (2, 2700 mg, 0.3%) [12] and lochnerine (3, 216 mg, 0.02%) [13] . Fraction 4-2 was subjected to passage over an ODS column (H 2 O-MeOH, 1:1 ? 0:1) to give alstonisine (7, 44.4 mg, 0.004%) [14] and (-)-alstonerine (5, 38.4 mg, 0.004%) [15] . Fraction 4-2-2 was subjected to separation over a silica gel column (hexane-acetone, 1:0 ? 0/1) followed by ODS HPLC (35% MeOH-0.1% formic acid (aq)) to give alstonal (8, 0.6 mg, 0.00006%) [16] , 10-methoxyalstonerine (1, 1.4 mg, 0.0001%), and 19,20-dehydro-10-methoxytalcarpine (6, 0.3 mg, 0.00003%) [17] . Fraction 4-4 was subjected to an amino silica gel column (hexaneEtOAc 1:0 ? 0:1 and then Hexane-Acetone, 1:0 ? 0:1) to give cathafoline (4, 9.5 mg, 0.001%) [18] . 
Vasorelaxant activity
The thoracic aorta between the aortic arch and the diaphragm was harvested from a male Wistar rat weighting 260 g and placed in oxygenated, modified Krebs-Henseleit solution (KHS: 118.0 mM NaCl, 4.7 mM KCl, 25.0 mM NaHCO 3 , 1.8 mM CaCl 2 , 1.2 mM NaH 2 PO 4 , 1.2 mM MgSO 4 , and 11.0 mM glucose). After removing loosely adhering fat and connective tissue, the aorta was cut into ring preparations 3 mm in length. The aorta was placed in a well-oxygenated (95% O 2 , 5% CO 2 ) bath of 5 mL KHS solution at 37°C with one end connected to a tissue holder and the other to a force-displacement transducer (Nihon Kohden, TB-611T, Tokyo, Japan). The aorta ring was equilibrated for 60 min under a resting tension of 1.0 g.
After equilibration, each aorta ring was contracted by treatment with phenylephrine (PE 0.3 lM). Aortic rings with 80% relaxation by acetylcholine (ACh 10 lM) were regarded as endothelium-intact aorta (?EC rings). Following washout, these rings were contracted once again with the same concentration of PE. When the PE-induced contraction reached a plateau, each sample (30 lM) or ACh (1 nM-10 lM) was added cumulatively. IC 50 of ACh (positive control) was approximately 1 lM in this experimental system.
To test for the involvement of endothelium-dependency of relaxation response, the endothelial cells were removed by rubbing and were confirmed by observing the loss of ACh-induced relaxation (-EC rings). When PE-induced contractions reached a plateau, 10-methoxyaffinisine (2), cathafoline (4), and alstonisine (7) were added cumulatively.
To test for the involvement of potassium channel, the nonselective large-conductance Ca 2? -activated K ? channel (BK Ca ) inhibitor, tetraethylammonium chloride (TEA, 1 mM), the ATP-sensitive K ? channel inhibitor, glibenclamide (10 lM), and the voltage-dependent K ? channel inhibitor, 4-aminopyridine (4-AP, 1 mM), was applied to the aortic rings 30 min prior to precontraction by PE, respectively. Cumulative concentration-response of 2, 4, and 7 were compared with or without each inhibitor.
To investigate the involvement of VDC in the vasorelaxant responses to 2, 4, and 7, aortic rings were equilibrated in KHS for 60 min. Ca 2? -free high K ? solution (10-80 mM as KCl) was then added to observe a contractile response (control). When maximum contraction was achieved, the ring was washed and equilibrated for 60 min. After pretreatment of 2, 4, or 7 at 30 lM for 30 min, Ca 2? -free high K ? solution was added once again. A KCl-induced contractile response with or without each sample was compared.
To clarify the involvement of ROC, a contractile response induced by Ca 2? was recorded twice. Firstly, aortic rings were pretreated in Ca 2? -free KHS with 0.01 mM EGTA for 60 min. The aorta ring was pretreated with nicardipine (1 lM) for 30 min and added PE and then added CaCl 2 (10 lM-1 mM) cumulatively. When maximum contraction was achieved, the ring was washed and equilibrated for 60 min. Secondly, a CaCl 2 -induced contractile response was recorded using same aorta ring pretreated with nicardipine/2, 4, or 7 for 30 min and PE. These two contractile responses induced by CaCl 2 were compared.
All isolated compounds were dissolved in DMSO and diluted with saline. The final concentration of DMSO in the organ bath was less than 0.1%, and did not show any effects on contraction or relaxation. All other drugs were dissolved in saline.
These animal experimental studies were conducted in accordance with the Guiding Principles for the Care and Use of Laboratory Animals, Hoshi University and under the supervision of the Committee on Animal Research of Hoshi University, which is accredited by the Ministry of Education, Science, Sports Culture, and Technology of Japan.
Hypotensive effect
Hypotensive effect of 10-methoxyaffinisine (2) was performed on normotensive rats. All animals were fasted and maintained in calm conditions during experimental time period. Test animals were divided into control group (vehicle), treated with 2 (1 and 10 mg/kg), and treated with nicardipine (30 lg/kg) subcutaneously. Blood pressure and heart rate were recorded before and after injection of 2 at 0, 10, 20, 30, 40, 50, and 60 min by tail cuff method.
Statistical analysis
All results are expressed as means ± SEM. Statistical analysis was done by Student's paired or unpaired t test. P \ 0.05 was considered statistically significant.
Results and discussion
Structure of 10-methoxyalstonerine (1) 10-methoxyalstonerine {1, ½a ? in Fig. 1 The isolated compounds from T. dichotoma (Table 1 ) and the HSQC spectrum of 1 revealed the presence of one carbonyl, six sp 2 quaternary carbons, four sp 2 methines, four sp 3 methines, three sp 3 methylenes, three methyls and one methoxy group.
The structure of 1 was deduced from extensive analysis of the two-dimensional NMR data, including the 1 H-1 H COSY, HSQC, and HMBC spectra in CHCl 3 (Fig. 1) . The 1 H-1 H COSY and HSQC spectra revealed connectivities of four partial structures, C-3 to C-15 (a), C-5 to C-6 (b), C-11 to C-12 (c), and C-16 to C-17 (d) (Fig. 2 ). The HMBC correlations of H-5 to C-7, H-6 to C-2 and C-7, H-14 to C-2 revealed the attachment of partial structures a and b to the indole moiety, while the HMBC cross-peak of a methyl signal at d H 2.33 to C-5 and C-3 established connectivity of the partial structures a and b through a nitrogen atom (N-4) . Furthermore, the HMBC correlations of H-5/C-15 and C-17, and H-6/C-16 indicated the connectivity of partial structure d to a and b. The HMBC correlations of methyl signals at d H 3.86 to C-10 and d H 3.62 to C-2 and C-13, revealed the presence of a methoxy group at C-10 and a methyl group at N-1, respectively. In addition, the HMBC correlations of H-21 to C-15, C-17, and C-19, and H 3 -18 to C-19 and C-20 indicated a methyl ketone placed at C-20. Thus, the structure of 10-methoxyalstonerine was elucidated to be 1 possessing macroline skeletal system with a methoxy group at C-10.
The relative stereochemistry of 1 was elucidated by NOESY correlations, as shown in a computer generated 3D drawing (Fig. 3) C NMR data for C-2-C-7 and C-14-C-21 of 1 were in good agreement with those reported value of (-)-alstonerine (5) 
Vasorelaxant activity
The methanol extract from bark of T. dichotoma showed vasorelaxant activity in preliminary experiments (data not shown). Therefore, all isolated compounds (Fig. 1) were evaluated for vasorelaxant activity on rat aorta (Fig. 4) . PE was applied to endothelium-intact aorta (?EC rings). After a maximal response was observed, isolated compounds were added. Sarpagine type (2 and 3), akuammiline type (4), and macroline oxindole type (7 and 8) alkaloids showed potent vasorelaxant activity at 30 lM (Fig. 4) . These five compounds showed the excellent activity at early stage within 10-30 min after addition. Furthermore, to investigate the involvement of endothelial cells, vasorelaxant activity was tested using endothelium-denuded aorta (-EC rings) for 2, 4, and 7 (Fig. 5) .
The compounds 2, 4, and 7 caused concentration-dependent relaxation in rat aorta rings. The relaxations induced by 2, 4, and 7 were partly attenuated in -EC ring and in the presence of L-NMMA (100 lM), an inhibitor of nitric oxide synthase (NOS), suggesting that effects induced by 2, 4, and 7 partially mediated the NO release from endothelial cells (Fig. 5) . However, vasorelaxant effects of 2, 4, and 7 on -EC rings still remained. Hence, subsequent investigations were focused on the direct effect of 2, 4, and 7 on vascular smooth muscle cells using -EC rings.
To investigate the involvement of K ? channels, in 0.3 lM PE-contracted -EC rings, the vasorelaxant effect of 2, 4, and 7 were examined with pretreatment of various K ? channel inhibitors, including TEA (a nonselective inhibitor of large-conductance Ca 2? -activated K ? channel, 1 mM), glibenclamide (an ATP-sensitive K ? channel inhibitor, 10 lM), and 4-AP (a voltage-dependent K ? channel inhibitor, 1 mM). As shown in Fig. 6 , the concentration-response curves of 2, 4, and 7 were not altered by the various K ? channel inhibitors. Cumulative addition of isotonic high-K ? (10-80 mM) can induced a concentration-dependent contraction by Ca 2? influx via voltage-dependent Ca 2? channel (VDC). 10-Methoxyaffinisine (2) and alstonisine (7) at 30 lM was significantly inhibited the high K ? -induced contraction, whereas cathafoline (4) at 30 lM did not affect that of contraction (Fig. 7) . These results suggested that 2 and 7 attribute to inhibitory effects of VDC.
In addition, we investigated the involvement of receptor-operated Ca 2? channel (ROC). After pretreatment with PE and nicardipine in Ca 2? -free KHS, the contractile response induced by CaCl 2 showed dose-dependent -free medium pretreated with PE and nicardipine. Values are the mean ± SEM. Number of experimentations is shown in parentheses. *P \ 0.05, **P \ 0.01, and ***P \ 0.001 respectively, versus control group manner from 10 lM to 1 mM, presumably due to the influx of Ca 2? via ROC. The administration of 2, 4, and 7 significantly inhibited CaCl 2 -induced contraction dependent on ROC, suggesting that 2, 4, and 7 also have inhibitory effects on Ca 2? influx via ROC (Fig. 8) . We investigated the hypotensive effect of 10-methoxyaffinisine (2), as a major compound from T. dichotoma, on normotensive rats. A single subcutaneous administration of 2 (10 mg/kg) on normotensive rats showed hypotensive effect with significant decrease in systolic blood pressure, while not altering the heart rate ( Fig. 9) . Thus, 10-methoxyaffinisine (2) showed both vasorelaxant activity in vitro and hypotensive effect in vivo.
So far various kinds of isolated natural products such as flavonoids [20] [21] [22] [23] [24] [25] [26] [27] , triterpenes [28] [29] [30] , and alkaloids [31] [32] [33] [34] [35] [36] [37] [38] were reported to have vasorelaxant activity. Among them, many flavonoids were investigated for their mode of action on vasorelaxation. However, only few indole alkaloids having vasorelaxant activity were reported except for rutaecarpine (from Evodia rutaecarpa) [36, 39, 40] , fumigaclavine C (from Aspergillus fumigatus strain No. CY018) [41] , and geissoschizine methyl ester (from Uncaria Ramulus) [33] . Previously, we have reported alstiphyllanines (ajmaline and picraline type) [42] as vasodilator indole alkaloids derived from geissoschizine (corynanthe type). Apart from alstiphyllanines, presently we hereby report that another three type of geissoschizine derived indole alkaloids, sarpagine, akuammiline, and macroline oxindole, also showed potent vasorelaxant activity.
Conclusion
In conclusion, eight indole alkaloids including 10-methoxyalstonerine (1), a new macroline type indole alkaloid, were isolated from bark of T. dichotoma, and sarpagine type, akuammiline type, and macroline oxindole type alkaloids have potent vasodilation effect. 10-Methoxyaffinisine (2), cathafoline (4), and alstonisine (7) were partially mediated the NO release from endothelial cells. Furthermore, compounds 2 and 7 attribute to the inhibition effect of VDC and ROC, and compound 4 have inhibitory effect on Ca 2? influx via ROC. 10-methoxyaffinisine (2) containing as a major alkaloid in the bark of T. dichotoma showed hypotensive effect on normotensive rats in vivo. 
